Introduction
The production of polyploids in crop plants by treatment with colchicine has been undertaken by a number of schools all over the world . The pre sent investigation deals with morphological and cytological comparison between the diploid and the colchicine-induced autotetraploids in Capsicum frutescens L. cultiver Oshkhosh, which is characterised by attractive yellow fruits when ripe.
The present report presents the evidence for sporadic cytological instability in polyploids which may permit changes to different levels of ploidy in successive generations.
The instability described herein may have considerable biological significance. 
S. S. Raghuvanshi and Sheila Joshi Cytologia 29
Observations on colchicine induced tetraploids 1. Morphological studies The shoot treatment of Capsicum frutescens L. gave 64% polyploids-a very encouraging result in contrast to the complete failure reported by Pal, Ramanujam and Joshi (1941) to produce polyploids by shoot treatment in Capsicum annuum.
The leaves which came out after the treatment were longer, broader, thicker, more rough distorted and deep green in colour as compared to those of the control. The deep green colour of the leaves in the polyploids was found to be due to the presence of more numerous and larger chloroplasts.
The epidermal cells, stomata (Figs. 1 and 2), cells Fig. 5 ). Although a member of the Solanaceae the floral parts were not present in multiple of 5 but varied from 5-8 sepals , petals and stamens. However this be haviour is not correlated with tetraploidy for the controls also showed the same varia tion. The fertile pollen grains of the polyploids were larger than those of the control (Figs. 3, 4) . The polyploids were sterile and fruit forma tion did not take place at all, so seed-setting was out of question.
Again this is in contrast to the findings of Pal et al. (1941) who obtained fertile polyploids in Capsicum annuum.
Chromosomal and genetic factors causing reduced fertility will be much more effective in the female side of the reproduction than in the male where there is an abun dance of normal pollen and strong competition among the The evidence at hand suggests that inspite of fairly good pollen fertility in tetraploids the failure of fruit setting lies in the gynoecium.
Hence in order to study the cause of complete sterility and failure of fruit setting, the gynoecium of different ages were collected along with control of approximately the same size and fixed in acetic alcohol (1:3).
The fixed material was heated in a crucible in acetocarmine until the liquid boiled, cooled and squa shed in 1% acetocarmine.
It was observed that in the case of polyploids the style shows signs of disintegration even before the bud opened. Hence the cause of sterility lies in the premature disintegration of the stylar tissue (Fig. 5E ) thereby blocking the passage for the pollen tube to pass through the style to reach the ovule. That the pollen grains are viable is proved by the observation of germinated pollen grains inside the anthers even before their release (Fig. 40) . Since the flower soon falls it is presumed that there is no parthenogenetic development of the embryo.
Cytology
Cytological studies in Capsicum have been made by several workers. Our observations confirm the findings of de Vilmorin and Simonet (1927) ; Huskins and La Cour (1930) ; Dixit (1931) ; Banerji (1933); and Pal et al. (1941) . They all reported 12 and 24 as the gametic and somatic numbers respectively.
The diploids had fairly regular meiosis. In some cases two univalents were observed while four univalents are very rare. However the polyploids exhibited meiotic instability to a considerable extent. The following description of the sequence of events in the unstable meiotic cells is applicable to the various plants studied. Diakinesis:
Configurations observed in the tetraploids were univalents, chains, rings of different sizes ( Fig. 30 ) and more complex figures involving triple chiasmata.
The different types of configurations met with are shown in Table 2 . Univalents ranged from one to nine per cell (Fig. 7) and one or more univalents were found in 84% of the cells analysed. The type of chain configurations ranged from a chain of two to a chain of four chromo somes. The most commonly observed configuration is the chain or ring of two chromosomes with univalents, chain of three was rather rare, while chain or ring of four was observed in practically every cell ( Table 2) . As many as six rings of four chromosomes and six rings of two chromosomes have been found in one cell. The highest number of quadrivalents observed is eight (Fig. 6 ), while the lowest is two. The number of trivalents varies from zero to two and that of univalents reach the maximum of nine (Fig.  7) . The presence of so many univalents with a few trivalents indicates failure of pairing in pachytene stage rather than subsequent breakage of pachytene quadrivalents.
In one of the PMCs twelve bivalents were seen in the polyploid anther out of which seven were rings and five rods (Fig. 8a) . This can be explained on the basis of somatic reduction during premeiotic mitosis resulting in the production of a PMC with half the number of chromosomes. This phenomenon has also been observed in the diploids where only 12 chromosomes were present in a PMC in the form of 6 bivalents (Fig. 8b) .
The average number of chiasmata per cell in the diploid is 18.92 and in the tetraploid 34.54, or it may be expressed as 0.788 and 0.719 half chias mata per chromosome in diploid and tetraploid respectively thereby showing that there is apparently a decrease in the number of half chiasmata in the tetraploid per chromosome compared to the diploid. This difference may be expressed as the reduction factor The multivalents and bivalents form a compact metaphase plate (Fig. 31 ). Fig. 9 shows five quadrivalents, one trivalent, ten bivalents and two univalents. There may be overlapping for one chromosome. Fig. 10 shows the highest number of quadrivalents observed in the polyploid. Out of forty eight chromosomes, forty arrange themselves as quadrivalents while the other eight chromosomes form four bivalents. In the tetraploid cells with multiple spindle formation the following conditions were met with. In Fig. 11 the 4n cell has two metaphase plates each having twenty four chromosomes.
Fig (Figs. 17, 32 ). In one case there were six bivalents along with seven univalents at the metaphase plate while sixteen and thirteen chromosomes reached the two poles respectively (Fig. 16) . Fig. 18 An uneven number of chromo somes at the poles may be counted ra ther often as a result of disturbed anapha sic segregation. The formation of multiple spindles at metaphase I is the clear cut evidence for the occurrence of more than two nuclei at telophase I which in further division creates more com plex situation. In a few cases chro mosomes failed to separate at the end of anaphase I to two poles giving rise to restitution nu cleus (Fig. 21) . Fig.  22 shows anaphasic bridge.
Metaphase II:
Further evidence of the occurrence of multiple spindle at metaphase I is met with at metaphase II. At this stage there may be more than two, spindles (Fig. 33) . The number of chromosomes at metaphase II plates did not show any relation to the genomic number but separated at random, varying from equal to very unequal . Fig. 23 gives a clear cut picture of four plates of extremely variable chromosome numbers.
In a few cells the entire chromosome complement was oriented on one plate instead of two most probably due to the failure of polar movement at A . I. In some 4n cells there were four equal plates at M . II, two at each end of the cell, presumably derived from normal disjunction of two equal plates at metaphase I. The laggards and stray chromosomes can be observed at this stage also. Anaphase II: The most striking feature of anaphase II was the preponderance of laggards which may be due to the irregularities in the spindle mechanism. Polar movement may be effected either at anaphase I or II or at both the divisions. In a few cells though not sharply delimited very loose groupings were suggested giving evidence of the failure of spindle movement rather than complete breakdown of cell division mechanism (Fig. 35 ). Fig. 24 shows a combination of a bipolar and a tripolar spindle in the one and the same PMC. The bipolar spindle has two laggards and a pair of late separating chromosomes while the tripolar spindle has 12, 12 and 10 chromosomes at the three poles with four late separating chromosomes and two laggards at the equator. Vaarama (1953) has interpreted tripartite separation in Rubus hybrids as "incomplete splitting" of the spindle. The same term has been used by Gottschalk (1958a) in his studies of polyploids. Complete breakdown of one or both the metaphase II spindles has also been observed (Figs. 27, 34, 35, 36, 37) . Fig. 25 shows thirteen and nine laggards which may form separate groups thus increasing the number of nuclei at telophase II. Lag gards are also seen in Fig. 38. Fig. 26 represents the result of unequal separation at metaphase I. The spindle on the left has forty-four chromo somes, seventeen and twelve chromosome at each pole and fifteen laggards; while the spindle at the right has fifty-two chromosomes, twenty-two and sixteen at the two poles and fourteen laggards. Hegwood and Hough (1958) have reported various anomalies at anaphasic separation in White Winter Pearmain apple, while Hull et al. (1958) observed similar anomalies in col chiploids of Rubus.
Telophase II: The irregular distribution of chromosomes at anaphase II is reflected at telophase II by the production of 1-10 nuclei with size variation ranging from equal to very unequal. The most commonly met with com bination of nuclei at telophase II is five, six and seven. The extra large cells having 8-10 nuclei suggested the binucleate condition. In addition to the normal sized nuclei the occurrence of several micro-nuclei suggests that they are the consequences of the irregularities of meiotic division such as laggards and stray chromosomes which ultimately got themselves included in the micronuclei, one of the cells had 8 nuclei of normal size accompanied by 14 stray chromosomes which are subject to loss (Fig. 28) . Judging from the preponderance of 2-celled sporads the restitution nucleus found at anaphase I must have divided later to produce unreduced microspores (Fig. 21) . The orientation of the two spindles effects the chromosome composition of the tetrads in the later stage. Sometimes the poles of two spindles may be so near to each other that ultimately two nuclei may be included in one micro spore while the other microspore will be devoid of any nucleus (Figs. 28a-e) . Figures 29 a-1 represents all the possible stages which might have resulted due to multiple spindle formation at metaphase I, laggards and stray chro mosomes at anaphase I and II; multipolar spindles at anaphase I and II; unequal separation to the two poles at anaphase I and II, nondisjunction at metaphase I and II and the formation of restitution nuclei. The irregularities of meiosis found in each lead to the production of unbalanced gametes as 40). The pollen tube emerged from the pore by exerting pressure on the exine. In a few pollen grains there were two tubes coming out of a single pollen grain (Fig. 4a) although one was of a larger size as compared to the other.
Discussion
The cytological behavior of polyploids of Capsicum frutescens cultivor Oshkhosh clearly indicates their unstable nature. These various indications of instability may be due to disturbances at premeiotic mitosis, or at both first and second divisions of meiosis. A comparison of the chromosomal configurations met with at diakinesis is shown in Diag. III. It may be noted that while there is a sharp increase in the univalents in the tetraploid the total number of biyalents is lower than in the diploid which may be due to the formation of multivalents.
The univalents result due to failure of pairing in polyploids.
More over there are more rod bivalents than ring bivalents in comparison with the diploids. The chromosome complements may be sub divided into two or more groups that function independently inside the cell. At anaphase unequal number of chromosomes may move to the two poles and also there may be nondisjunction of the chromosomes. Thompson (1962) has proposed the term "complement fractionation" to designate the phenomenon of subdivision of chromosome complement into independently functioning groups within the meiotic cells. Complement fractionation can also provide basis for the separation of the chromosome complement into 3-4 unequal instead of two equal groups of chromosomes at metaphase II (Fig. 23, 33 ). The presence of more than two spindles at metaphase II may also be the result of multi ple spindle instead of one at metaphase I. The chromosome complement may be sepa rated into two, three or four nuclei at telo phase I.
Regardless of the number of chromosomes included the nuclei evidently divide regularly and pass on to further divi sion stage.
This explains the presence of nuclei of varying numbers at telophase II. It is apparent that one or a group of biva l ents have the capacity to form their own spindle functioning independently. Multipolar spindle in plants has been attributed to splitting and separation of pole determing centres precociously with respect to cell division (Vasek 1962) .
These three chromo some groups can also be formed by two separate spindles lying adjacent to each other which are inclined so that the two polar regions on one side of the cell are in proximity . The chromo somes reaching these two poles will thus be included into a single group , while on the opposite side due to greater distance between the two polar regions the chromosomes will form two distinct groups . Such orientation of the chromosomes have been observed at metaphase I and II . Fig. 12 shows 3 spindles inclined at each other so as to give rise to the three angles of a triangle. In such a case at anaphase the movement of the chromosomes will take place towards the poles but since the poles of adjacent spindles are so close to each other the ultimate result may be the production of three rather than six nuclei .
Nondisjunction is another phenomenon observed in the meiotic cells . As a rule it results in the formation of diads or monads with two or four times the gametic chromosome number (Fig . 39) . In the present investigation complement fractionation coupled with nondisjunction leads to the production of even more variable gametes than either process by itself .
The unequal distribution of chromosomes at second division may in certain cases be due to tri-partition at 1 st division followed by nondisjunction of part of the chromosomes on the metaphase II plate . As far as sporadic occurrence of irregular cells is concerned, the pattern of meiotic instability and the end results are similar to those reported in tomatoes (Gottschalk 1958a (Gottschalk , 1958d (Gottschalk , 1959 and Rubus (Thompson 1962) .
In a few metaphase I cells complement fractionation occurred according to the basic set concept.
In 4n cells 2n-2n separation ( Fig. 11) and in an octaploid cell there were two spindles each with 4n complement (Fig.  14) . However in majority of cells fractionation occurred at random (Figs. 12, 13 and 19) .
It is well known that certain plants are more unstable than others. Pre-disposition of a plant to cytological instability has been traced to many factors.
Some diploids are known to be genetically unstable but generally polyploids suffer from disturbed meiosis. In autopolyploids the labilety in creases in arithmetical progression with increase in the level of ploidy (Gottschalk 1959) . The allopolyploids are less prone to instability than autopolyploids and they behave in a more balanced manner.
As regards the morphological characters the polyploids exhibited increase in most of the parts. The leaves and the floral parts were all larger than their diploid counterparts as indicated in Table 1 and Figure 5 . The poly ploids were completely sterile and there was no fruit setting; while large fruits were produced in the diploids which turned to attractive yellow when ripe. The polyploids were better in most respects than the diploids, being more hardy.
The pollen exhibits 52.38% of fertility in the polyploids and pollen grains of different size were met with thereby indicating different chromosome composition. In one of the polyploid buds pollen germination was observed in situ in 6% of the pollen examined.
The cause of sterility and lack of fruit setting is found to lie in the premature disintegration of stigma which prevents the passage of the pollen tube to reach the egg.
In diploids the meiosis is fairly normal, two univalents being observed in about 14% of the cells while four univalents is very rare, but only 10.4% of pollen is sterile.
The univalents mostly do not effect the segregation of the chromosome complement. The polyploids show univalents, multivalents, multiple spindles, multipolar spindles, unequal segregation and breakdown of spindle mechanism. On the whole these various meiotic anomalies all lead to the production of gametes with unbalanced number of chromosomes. Such gametes may be sterile. But this does not explain the complete sterility of polyploids; 52.38% of pollen is fertile which is sufficient to bring about fertilization but style disintegrates before the bud opens. Dobzhansky (1941) has classified sterility as genic and chromosomal. In genic sterility are included all types which are produced by failure of sex organs to develop upto the point where meiosis can take place or certain genically controlled anomalies of spindle behaviour and genically controlled asynapsis or desynapsis (Clarke 1940, Li, Pao and Li 1945) . The chromo somal sterility on the other hand is marked by lack of homology between the chromosomes of the individual which results in higher percentage of univalent chromosomes. Thus sterility in polyploids is both chromosomal as well as genic-the genic sterility causes disintegration of style before fertilization can be effected. The multiple spindles and abnormal behaviour of spindle mechanism may lead to production of sterile gametes-this is also genic sterility. The failure of chromosomes to pair and other related anomalies are instances of chromosomal sterility. Beasley (1940) reported almost complete sterility in an autotetraploid of Gossypiurn herbaceum. Einset (1944 Einset ( , 1947a found that only a small part of high sterility in lettuce autotetraploid accounted for the abortion of pollen grains and ovules. The main cause was the failure of pollen grains to complete growth down the style and the inhibition of fertilisation.
The meiotic instability may be looked upon as a source of variation from an evolutionary point of view. Complement fractionation provides a method of decreasing the level of ploidy while somatic doubling and unreduced gametes tend to increase the ploidy level, thereby clearly indicating the reversible nature of polyploids.
In Capsicum frutescens gametes are produced which have a wide range of chromosome complements resulting from complement fractionation and nondisjunction.
Recombinations of these gametes could yield progeny with different chromosome number. These can be perpetuated as distinct varia tions with different level of ploidy provided they prove to contain favourable gene combinations.
Gametes with variable chromosome numbers can be produced by increasing the meiotic instability.
Thus a reservoir of variability may be maintained and from it, depending on the requirement, various types of gametes having different gene combination can be obtained. The impor tance of plants having the capacity to produce such variable gametes from evolutionary point of view is clear and also they are of great value to plant breeders. The gametes in such cases provide a ready tool to produce new types suitable economically to meet varying requirements.
But unfortunately these plants have proved to be totally sterile and no success has been achieved till now to bring about fruit setting. Efforts are being made to cross tetra ploid and diploid using the latter as seed parent because in case of diploids there is normal development of style and stigma .
Abstact
The present investigation deals with a morphological and cytological comparison between the coichiploids of Capsicum frutescens cultiver Oshkhosh and its diploid progenitor.
The most effective treatment for the induction of tetraploids was found to be 0.2% aqueous colchicine applied to the growing point of young seedlings for 12 hours. On the whole 64% of the plants became polyploids and survived.
The induced tetraploid was characterised by deep green, thick and rough leaves with larger epidermal cells, stomata, palisade and spongy parenchyma. The number of stomata per unit area in the tetraploid was less than that of the diploid. In general the morphological characters were larger in the polyploids than their counterparts in the diploids.
The 4n plants were completely sterile and no fruit setting was observed in them. The cause of complete failure of fruit formation lies in the premature disintegration of the stigma which blocks the passage of the pollen tube to reach the egg. Pollen germination in situ has been observed in anthers of a polyploid bud. The induced polyploids exhibit cytological abnormalities such as univalents, lag gards, restitution nuclei, non-congression and non-orientation of certain bivalents and other irregularities such as subdivision of the chromosome complement into 2 or more groups that function independently within the cell, nondisjunction of chromosomes and unequal distribution of the chromo somes to the polar regions at anaphase were noted at either or both meiotic divisions in the PMC's.
The number of microspores per PMC varied from 1-12. The gametes produced by a polyploid with such a cytological mecha nism will have extremely variable chromosome number.
Those gametes which have balanced genomes will be functional. The evolutionary signifi cance of the various anomalies observed and their importance to plant breeder have been discussed.
